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中英文缩略词对照一览表 
ANOVA                                   方差分析（Analysis of variance） 
AR                                      雄激素受体（Androgen Receptor） 
DAB     3，3’-二氨基联苯胺四盐酸盐（3，3-diaminobenzidine terehydrochloride） 
E2                                                                              雌二醇（Estradiol） 
ELISA       酶联免疫吸附剂测定方法( Enzyme-Linked Immunosorbnent Assay） 
ER                                       雌激素受体（Estrogen Receptor） 
FSH                              卵泡刺激素（Follicle stimulating hormone） 
GIH                              性腺抑制激素（Gonad inhibitory hormone） 
GnRH                    促性腺激素释放激素(Gonadotropin-Releasing Hormone) 
GSH                              促性腺激素（Gonad-stimulating hormone） 
GtH                                  促性腺激素（Gonadotropin hormone） 
LH                                     黄体生成素（Luteinizing hormone） 
17α-OHP                              17α-羟基孕酮（17α-OH progesterone） 
SABC   链霉菌抗生物素蛋白-过氧化物酶复合物（Strept Avidin-Biotin Complex） 
SPSS                                                SPSS统计分析软件 
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摘  要 
FSH 和 LH 是脊椎动物的两种促性腺激素，对动物性腺发育和精卵发生具有
重要的调节作用。目前在甲壳动物中这两种激素的生殖作用机理了解甚少。本研
究以拟穴青蟹为研究对象，运用免疫细胞化学方法和酶联免疫分析技术，研究雌









2. FSH 和 LH 在拟穴青蟹胸神经团的免疫细胞化学研究 




细胞类型与 FSH 类似，而未成熟雄蟹的 LH 阳性细胞较少且阳性较弱。FSH 和
LH 在拟穴青蟹胸神经团的分布具有发育阶段的特异性，该差异与 GSH 的活性变
化有一定程度的相关。结合 FSH 和 LH 在拟穴青蟹脑中的表达情况，更充分证
明了 FSH 和 LH 是 GSH 的组分，FSH 和 LH 可能参与调节性腺的发育和成熟。 
3. 雌蟹血淋巴中激素含量变化 
E2 在发育早期（Ⅱ期）时含量 低，在将成熟期（Ⅳ期）达到顶峰，随后逐
渐降低。未发育期（Ⅰ期）雌蟹血清中 17α-OHP 含量 低，在Ⅱ期时略有增加，
在卵黄发生初期时（Ⅲ期）达到第一次高峰， 高值出现在排卵后期。雌蟹 FSH
含量的高峰出现在Ⅱ期，Ⅲ期时略有下降，随后迅速减少，在Ⅳ期下降到
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时无阳性。 
E2 在拟穴青蟹中可能具有促进卵黄发生和卵巢发育的作用。E2 和 17α-OHP
的含量与卵巢发育具有一定的相关性，是卵巢发育的一定阶段所必需的。在拟穴
青蟹 FSH 和 LH 可能刺激雌激素的产生，从而促进卵黄蛋白发生和卵巢发育，
其功能与脊椎动物相似；E2 和 17α-OHP 通过与脑和胸神经团内的雌激素受体结
合，对 FSH 和 LH 的分泌作用进行反馈调节。在拟穴青蟹的早期发育阶段，这
种反馈调节表现为正反馈作用，刺激脑和胸神经团 FSH、LH 的分泌。在性腺成
熟时 FSH 和 LH 的含量变化趋势与性类固醇的含量则表现出负相关。 
4. 雄蟹血淋巴中激素含量变化 
E2 含量高峰出现在精子细胞期，发育到精子期时下降到 低值，在休止期时
又有所回升。雄蟹精原细胞期血清中 T 含量大于精母细胞期， 高值出现在精子
细胞期，精子期时略有下降。雄蟹 FSH 含量高峰出现在精子细胞期，精子期时
FSH 为阴性反应。LH 的含量整体水平较低，在精子期时含量达到 高。 
拟穴青蟹血淋巴中 E2 和 T 含量变化的趋势同精巢的发育趋势相近，表明 E2
和 T 对精巢的发育有促进作用。拟穴青蟹 FSH 和 LH 具有共同调控促雄腺的功
能，精子期之前调节作用以 FSH 为主，精子期之后，调节作用以 LH 为主。雄





















拟穴青蟹 FSH 和 LH 生殖作用的研究 
 
Abstract 
FSH and LH are two gonadotropins hormones which have been discovered to 
have a significant regulating effect on gonadal development in vertebrates. The 
concentrations of estradiol, progesterone, testosterone, FSH and LH in hemolymph of 
Scylla paramamosain as well as the immuno-recognition of ER, AR, FSH and LH in 
the nervous system were examined by immunocytochemistry and ELISA. The results 
help to understand the mechanism of FSH and LH in regulating the reproduction of S. 
paramamosain. The main results and conclusions are as follows: 
1.The immunocytochemical research on ER, AR in nervous system of S. 
paramamosain 
The locations of ER-IR and AR-IR neurons were similar. The estrogen receptors 
and androgen receptors widely existed in the nervous organs of S. paramamosain. 
This proves that the sex steroid hormones, bound with their receptors, may affect the 
secretion of other hormones and stimulate the development of S. paramamosain 
indirectly. 
2.The immunocytochemistry research on FSH, LH in the thoracic 
ganglion of S. paramamosain 
The FSH-IR neurons strongly expressed in the thoracic ganglion mass of both 
mature and immature female/male crabs. LH had weak expression in mature female 
crabs. More LH-IR neurons had been observed in mature male crab than in immature 
male crabs. The results suggest that the FSH and LH may be two compositions of 
GSH and they possibly activate in the development of gonad. 
3. Concentrations of sex hormones in the hemolymph of female crab 
For female crabs, E2 got to its minimum in the previtellogenic stage (Phase II) 
and reached a peak in late vitellogenic stage (Phase IV). The nadir of 17α-OHP was in 
Phase I; then its concentration increased slightly in Phase II and got its first peak in 
early vitellogenic stage (Phase III). The maximum value presented in the phase after 
ovulation. FSH reached its peak at Phase II. After a slight decline in Phase III, FSH 
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undetectable at mature phase. The concentration of LH was low in general. It tended 
to increase until Phase IV but decrease after that. 
For S. paramamosain, E2 may play a positive role in the vitellogenesis and 
ovarian development. As the precursor of E2, progesterone possibly changes rapidly 
into E2 in the ovary. E2 and progesterone are necessary in some phases of ovarian 
development and their concentrations are relevant to ovarian development. This may 
suggest that FSH and LH can promote the vitellogenesis and ovarian development by 
stimulating the release of estrogen in S. paramamosain. Combined with the 
distribution of estrogenic receptors in the brain and thoracic ganglion, E2 and 
progesterone might have a regulating feedback on the release of FSH and LH. In the 
early phase of gonadal development they stimulate the FSH and LH release, while in 
the later phase they play a positive role.  
4. Concentrations of sex hormones in the hemolymph of male crabs  
For male crabs, the peak of E2 presented in spermatid phase and the minimum 
was in spermatozoon phase. After that a slight rise had been observed in the 
stationary phase. The concentration of T, which was higher in the stage of 
spermatogonium than in the stage of spermatocyte, reached a peak at the phase of 
spermatozoon. Then it declined a little in spermatozoon phase but increased in 
stationary phase. The concentration of FSH reached its peak at spermatid phase. As to 
the concentration of LH, it was low in general and the peak was in spermatozoon 
phase. 
There is a correlation between the profile of E2 and T and the spermatic 
development. Which implies that these hormones may play a positive role in the 
process. FSH, combined with LH, may control the spermatic development by acting 
on androgenic gland to release androgenic gland hormone which can affect spermary. 
Immunoreactive cells of estrogen and its receptor can also be found in the brain and 
thoracic ganglion. This may suggest a feedback regulation mechanism between 



































FSH 和 LH 通过与生殖腺细胞膜上的受体结合来刺激性腺发育并产生性类固
醇激素，对精卵发生起到了重要的调节作用。在雌性动物，FSH 能促使卵泡生长、
发育、成熟，还能促使卵巢颗粒细胞产生雌激素和诱发卵子对其他激素的敏感性
[5]。LH 是诱发排卵的主要因素之一；在雌性哺乳动物，LH 的主要作用是与 FSH
协同促进卵泡生长成熟，粒膜增生，参与内膜细胞合成雌激素，并可诱发排卵，
促进黄体生成 [6,7]。在雄性哺乳动物，FSH 可以刺激精子发生，并促使足细胞
（Sertoli cell）合成并分泌雄激素结合蛋白，LH 调节间质细胞的雄激素合成[5, 8]
在低等脊椎动物鱼类中，同样也存在 LH，其作用是通过同间质细胞（Leydig cell）
上的 LH 受体相结合以调节类固醇激素分泌和精子发生[9]。。 














第一章  绪论 





















1～2 KD[17]，罗氏沼虾（Macrobrachium rosenbergii）GSH 的分子量＜7 KD，属
于蛋白质类[18]。 
1981 年，Zukuwska 曾经报道了注射脊椎动物 FSH 和 LH 对褐虾（Crangon 
crangon）卵巢发育和卵母细胞生长有促进作用[19]。 近从锯缘青蟹*检测到 FSH
和 LH 免疫阳性细胞，FSH 和 LH 样物质在脑中表达具有发育阶段特异性，提示
FSH 和 LH 可能是拟穴青蟹 GSH 的重要组分[20]。此外，从锯缘青蟹*视神经节也
检测出 FSH 和 LH 样物质[21]。甲壳动物胸神经节是否含有 FSH 和 LH 样物质，
尚未见诸报道。 
有关哺乳动物 FSH 和 LH 的研究已经深入到细胞和分子水平，在 FSH 和 LH
的基因序列、生化结构、时空表达、生理功能等方面均有清楚的阐述[5, 22]。相比































































上抗体为 Santa Cruz 公司产品，购自北京中杉金桥生物技术有限公司。 
3，3’-二氨基联苯胺四盐酸盐（3，3-diaminobenzidine terehydrochloride，
DAB），为 Sigma 公司产品。 
2.2 实验材料 
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